Summary Interstocks can reduce toxic ion accumulations in leaves of budded citrus trees, but the mechanism is not understood. We grew sour orange (Citrus aurantium L.; SO) seedlings, budded trees of 'Salustiano' orange (Citrus sinensis L. Osbeck; SAO) on SO, 'Verna' lemon (Citrus limon L. Burm. f; VL/SO) and interstock trees (VL/SAO/SO) in pots of sand watered with nutrient solution containing 5 (control) or 50 mM NaCl (saline treatment) for 12 weeks. Plants were harvested in six successive harvests and time trends in relative growth rate (RGR) and its components were estimated by fitting a Richards function regression to the harvest data. The VL/SAO/SO trees in saline conditions had higher mean RGR than VL/SO trees in control conditions. Increases in both net assimilation rate on a leaf mass basis (NAR w ) and leaf mass fraction (LMF) contributed equally to a twofold increase in RGR of VL/SAO/SO trees in saline conditions. In control conditions, the increase in RGR caused by the interstock had growth response coefficients of GRC NAR w = 0.20 and GRC LMF = 0.80. Structural modifications -specific leaf area, leaf area ratio and LMF-had a slight influence on the salt-induced changes in RGR, whereas NAR w had a large influence. Salinity decreased root mass fraction (RMF) and increased stem mass fraction (SMF). In contrast, the interstock decreased SMF and increased LMF and RMF. The VL/SAO/SO trees had the highest RMF and proportionally higher Cl -and Na + allocations in roots than the other plant types. In saline conditions, reductions in leaf ion transport rate and dilution of imported ions by foliar growth nearly halved ion accumulations in leaves of VL/SAO/SO trees.
Introduction
About 25% of world citrus production is concentrated in Mediterranean countries (Shalhevet and Levy 1990) . In the world ranking, Spain is the fourth highest lemon fruit-producing country and the greatest exporter. About 80% of the Spanish production is concentrated in the southeast, where irrigation water often has a medium or high salinity (Martínez et al. 1987 ). Excellent reviews of citrus and salinity by Maas (1993) and by Storey and Walker (1999) have shown that citrus species are particularly sensitive to Cl -and Na + . Although salinity effects on lemon trees (Citrus limon L. Burm. f) are dependent on both rootstock and scion (Nieves et al. 1991 (Nieves et al. , 1992 , salt resistance can be increased by a sanguina orange interstock ). In saline conditions (43 mM NaCl), lemon trees with the sanguina orange interstock had a 15% higher yield than trees without the interstock. This difference was attributed, in part, to the maintenance of similar leaf Cl -and Na + accumulations in salinized interstock and low-salinity control trees (4 mM NaCl) during the 4 years of the experiment. Thus, the interstock activates a mechanism that reduces the accumulation of toxic ions in leaves over a long period. Syvertsen et al. (1989) observed a relationship between water use and salinity resistance in rootstocks and scions. Based on a simple model of Cl -accumulation in leaf tissue of citrus, Storey (1995) predicted that growth rate is more critical for salt-resistant genotypes than for salt-sensitive genotypes, because at low transport rates, the dilution of imported Cl -by growth will assist in maintenance of pseudo steady-state conditions in the leaf tissue.
Plant growth can be analyzed in terms of an increase in total plant dry mass and its distribution (allocation) among organs. The effects of light, CO 2 , nutrients and water on biomass allocation have been reviewed recently (Poorter and Nagel 2000) . Relative growth rate (RGR) can be used to evaluate the relative importance of physiological processes and structural modifications such as changes in biomass allocation and plant morphology. For plant growth analysis, some studies have employed the 'classical' (Blackman 1919) , 'polynomial' (Vernon and Allison 1963) or 'combined' approaches (Poorter 1989) to determine the effects of salinity on morphological and physiological factors determining RGR (Curtis and Laüchli 1986 , Shennan et al. 1987 , Wickens and Cheeseman 1988 , Cramer et al. 1990 , Romero and Marañón 1994 . Plant growth analysis (Garnier 1991) has been used to determine the effects of salinity on citrus rootstocks (Ruiz et al. 1997) . In that study, net assimilation rate on a leaf mass basis (NAR w ), but not leaf mass ratio (LWR), was significantly correlated with RGR in all citrus plants, indicating that the photosynthetic assimilatory ma-chinery, but not leaf biomass, may limit RGR. Poorter and Garnier (1996) evaluated the experimental design and computational methods applied to plant growth analysis. They concluded that, if time trends in RGR and NAR are the parameters of interest, the experiment must have at least six harvests (with a few plants), and the Richards function (Richards 1959 ) must be used to fit the data. Although complicated to calculate, the Richards equation reflects the biological nature of plant growth much better than polynomials fitted through either the mass data ('polynomial') approach or the classically derived RGR values ('combined') approach.
We analyzed the effects of salinity, scion and interstock on lemon tree biomass allocation and its role in toxic ion accumulation in leaves. To understand the salinity-induced wholeplant mechanisms that cause growth reductions in lemon trees, we analyzed how salinity and interstock affect various growth components. A detailed knowledge of the interstock-induced mechanisms that decrease leaf ion accumulations and increase the salt resistance of lemon trees may facilitate the successful use of interstock on other genetically compound woody plants.
Materials and methods

Plant material
Sour orange seedlings (Citrus aurantium L.; SO) were grown in 5-l pots (one plant per pot, 196 plants in total) containing sterilized sand, and were watered and fertilized on alternate days with 1 l of nutrient solution (Ruiz et al. 1997 ) adjusted to pH 6.0-6.5. Plants received pest-control sprays as needed. Forty-eight 1-year-old SO seedlings were budded with 'Verna' lemon (Citrus limon) trees (VL/SO) and 96 with 'Salustiano' orange (Citrus sinensis L. Osbeck) trees (SAO/SO). One year later, 48 SAO/SO plants were re-budded with VL (VL/SAO/SO).
Experimental procedure
Three experiments were conducted in a greenhouse with a temperature range of 15-35°C and a relative humidity of 55-85%. Rootstocks with 1-year-old seedlings of SO were studied in Experiment 1; budded VL/SO and SAO/SO trees were used in Experiment 2; and re-budded trees of the VL/SAO/SO combination were investigated in Experiment 3. All trees were studied when the shoots were 1 year old.
Plants received nutrient solution containing 5 (control) or 50 mM NaCl (salt treatment) for 0, 4, 6, 8, 10 or 12 weeks. At each time point, four randomly chosen plants of each type and treatment in Experiments 1, 2 and 3 were destructively harvested. Plants were rinsed in deionized water, blotted dry with a paper towel and separated into roots, stems and leaves, and their fresh masses were determined. Plant material was dried at 65°C for 48 h. In addition, in Experiment 3, leaf area was measured at each harvest with a diagnostic image area system (DIAS) (Delta-T Devices, Houston, TX).
Biomass quantitative analysis
Relative growth rate (mg g -1 day -1 ) was the rate of increase of total dry mass per unit of plant dry mass already present (Evans 1972) . It is factored into two components: NAR w (mg g -1 day -1 ), which is the increase in plant biomass per unit of leaf biomass per unit of time, and LMF (g g -1 ), which is the ratio between leaf dry mass and total plant dry mass. The relationship between these parameters can be expressed as:
In Experiment 3, a complementary growth analysis of RGR components was performed. Area-based net assimilation rate (NAR a ; g m -2 day -1 ) was calculated as the increase in plant dry mass per leaf area unit. Leaf area ratio (LAR; m 2 kg -1 ) was calculated as the ratio between total leaf area and total plant dry mass, and specific leaf area (SLA; m 2 kg -1 ) as the mean leaf area per unit of leaf dry mass. The RGR is related to these parameters by the equations:
The time trends in RGR were estimated by fitting a Richards function regression,
, where w and t represent a series of paired measurements of plant dry mass and time, respectively (Causton and Venus 1981) . This function can represent both simple saturation curves and sigmoid curves by the introduction of the v parameter. Then, ln-transformed dry mass was derived, with respect to time, to estimate instantaneous RGR values. Mean RGR was calculated by dividing the integral of instantaneous values, estimated as the sum of the daily values, by the interval time. The time trends in the RGR components and their mean values were estimated by both equations and the method cited above, where w(t ) represents either leaf dry mass (w L ) or leaf area (A L ).
The root/shoot allometric coefficient (K) was calculated as the ratio of the growth rate of the roots and shoot. It was estimated by fitting a conventional regression, lnw R = lnb + Klnw S , where w R and w S represent a series of paired measurements of root and shoot dry mass, respectively (Hunt 1990) .
To avoid comparison of plants with greatly different masses, the studied plants had dry masses ranging from 59 to 130 g at the beginning of the experiments.
Cl
-and Na + analysis
Dried plant tissue was ground and digested in a concentrated nitric:perchloric acid (2:1, v/v) mixture. The Na + content of the digest was measured by atomic absorption spectropho-tometry. The Cl -was extracted from 0.1 g of ground material with 50 ml of deionized water and measured by electric titration (Guilliam 1971) .
Leaf ion transport rate
Leaf Cl -and Na + transport rates (J L ; mg g -1 day -1 ) are the rates of increase in leaf ion contents over time, on a root dry mass basis (Pitman 1988) :
Time trends in leaf ion contents (N) and w R were estimated by fitting a Richards function regression. Mean J L values were calculated by the method used for mean RGR values.
Statistical analysis
The Richards functions were obtained with the Sigma Plot Version 6.0 software package (SPSS, Chicago, IL). Four replicates per salinity treatment (two), per genotype (four) and per harvesting date (six) were used for analysis of the growth measurements. Differences between the control and salt treatments, and the effect of the 'Salustiano' orange interstock, were tested at the 95% confidence level. Relationships between the various parameters, and of these with RGR, were tested with correlation coefficients of linear regression equations or with growth response coefficients (GRC) (Poorter and Van der Werf 1998). All measured parameters were analyzed statistically with SPSS Version 10.0 software.
Results
Growth analysis
Time trends in RGR and its components were estimated by fitting a Richards function regression to plant dry mass, leaf dry mass and leaf area (Table 1) . In control conditions, the time trends in RGR and NAR w were similar and exhibited a strong positive correlation in the four plant types (r = 0.84, P = 0.05 in SO; r = 0.99, P = 0.001 in SAO/SO; r = 0.99, P = 0.001 in VL/SO; and r = 0.99, P = 0.001 in VL/SAO/SO) ( Table 2) . However, RGR and LMF were not significantly correlated, except in SO (r = −0.85, P = 0.05). In saline conditions, RGR and NAR w had a strong positive correlation in VL/SO and VL/SAO/SO trees. In VL/SAO/SO trees, the time trends in RGR and NAR a were similar and were significantly correlated, but in control conditions neither RGR and LAR nor RGR and SLA were significantly correlated. In contrast, each of the pairs NAR w versus NAR a , LMF versus LAR, and SLA versus LAR were significantly correlated in both treatments ( Table 2) .
The SO and SAO/SO populations had constant RGR at high salt concentration, whereas RGR in the VL/SO and VL/SAO/SO populations followed a sigmoidal curve that was reduced to zero during the second half of the experiments. This reduction in mean RGR and its growth components was related to total biomass, which reached a constant value in the same period. However, the ranking of the plants on the basis of mean RGR was similar at Days 45 and 90 of the experiment (Table 3) . Salinity decreased RGR. Mean RGR ranged from 7.0 to 1.9 mg g -1 day -1 in control trees, whereas in saline conditions, mean RGR varied from 4.4 to 0.5 mg g -1 day -1 . In both treatments, mean RGR decreased in the order SO > VL/SAO/SO > VL/SO > SAO/SO. Mean values of NAR a , LAR and SLA were smaller in plants in the salt treatment than in the control treatment.
The correlation coefficient considers a relative variation around the mean, but it does not take into account the absolute size of the variation. A simple way to express the relative importance of each of the underlying growth parameters (NAR a , LAR, SLA or LMF) is to calculate the growth response coefficient (GRC x ). The value of GRC x is 1 if a change in RGR is attributable only to a change in one of the growth parameters, and 0 if the change in RGR is attributable to changes in several growth parameters. This approach has two advantages. First, we use the change in RGR as a biological indicator of the severity of a given reduction in resource supply. Second, provided that growth parameters are calculated correctly, the GRC values of NAR w and LMF, or NAR a , SLA and LMF, sum to 1. The sum of GRC NAR and GRC LMF was 1, indicating that the growth analysis was carried out properly, and that RGR really is close to the product of NAR w and LMF. When RGR varied in response to the salt treatment, the GRC NAR w values were close to 1 and the GRC LMF values were near 0 (Table 3) . In VL/SAO/SO trees, GRC values were 0.75, 0.15 and 0.10 for NAR a , LMF and SLA, respectively. When the RGR values varied in response to the interstock effect, GRC NAR w and GRC LMF had similar coefficients in saline conditions, whereas they differed in control conditions (GRC NAR w = 0.20 and GRC LMF = 0.80).
Static and allometric ratios
The distribution of biomass, Cl -and Na + among organs varied with scion, presence of interstock and salt treatment (Table 4) . The VL/SAO/SO trees showed significantly higher relative biomass allocation to leaves and roots than the VL/SO trees. For control plants, mean values were 22.8 and 36.0% in leaves and roots of VL/SAO/SO, respectively, whereas the corresponding values for VL/SO were 16.0 and 29.9%. However, relative Cl -and Na + allocations were smaller in leaves and higher in roots because of the interstock effect. Similar differences were observed in the salt treatment.
Salinity treatment did not significantly change leaf biomass allocation. However, salinity decreased relative root biomass allocation by 2.5, 2.3, 2.8 and 3.1% for the SO, SAO/SO, VL/SO, and VL/SAO/SO plants, respectively (Table 4) . Thus, in all studied plant types, the salt treatment significantly decreased the root/shoot dry mass ratio.
The root/shoot allometric coefficients (K) indicated that root growth was slower than shoot growth (K < 1) in budded plants, and that the opposite occurred in SO rootstock (K > 1), for both control and salt-stressed plants (Table 4 ). The salt treatment reduced the K values of all the studied plant types.
CÁMARA ZAPATA, NIEVES AND CERDÁ TREE PHYSIOLOGY VOLUME 23, 2003 -content and leaf Na + content for sour orange and its combinations at 5 mM (C) and 50 mM (S) NaCl. Abbreviations: SO = sour orange; SAO = 'Salustiano' orange; VL = 'Verna" lemon; and R 2 = regression coefficient. Significant effects are indicated by asterisks: *, P = 0.01; **, P = 0.05; and ***, P = 0.001. Table 2 . Correlation coefficients of linear regressions between growth parameters for citrus plants grown at 5 mM (C) and 50 mM (S) NaCl for 90 days (n = 6). Abbreviations: SO = sour orange; SAO = 'Salustiano' orange; VL = 'Verna' lemon; LAR = leaf area ratio; LMF = leaf mass ratio; NAR a = net assimilation rate on a leaf area basis; NAR w = net assimilation rate on a leaf mass basis; RGR = relative growth rate; SLA = specific leaf area; and ns = not significant at P = 0.05. Significant effects are indicated by asterisks: *, P = 0.01; **, P = 0.05; and ***, P = 0.001. 
Allocations of biomass and ions
Differences in biomass allocation in SO and its combinations, grown at high and low salinity, are given in Figures 1a-d . Changes in allocation were small. With increasing salinity, the root mass fraction (RMF) decreased, whereas the stem mass fraction (SMF) increased. However, LMF changed in both ways. The difference in relative biomass allocation between VL/SO and VL/SAO/SO trees grown at low or high salt concentrations are given in Figures 1e and 1f , respectively. Mean changes in the percentages of leaf, stem and root were greater in response to the interstock (between −15.1 and +9.9%) than in response to salinity (between -2.5 and +4.6%). The SAO interstock increased the percentage of growth allocated to root and leaf of 'Verna' lemon trees and decreased the percentage of growth allocated to stem.
As already derived from Table 4 , when salinity increased, relative Cl -and Na + allocations decreased in the root and increased in the shoot in both VL/SO and VL/SAO/SO trees. Changes in percentage of growth allocated to shoot and root in response to the interstock exhibited opposite patterns, and were greater than those caused by the saline treatment.
In both salinity treatments, the two citrus combinations with SAO had significantly higher root Cl -:biomass ratios than the other plants, but significantly lower leaf Cl -:biomass ratios (0.9 and 0.7 for SAO/SO and VL/SAO/SO, respectively, versus 2.0 and 1.8 for SO and VL/SO, respectively). An ion:biomass allocation ratio < 1 indicates a dilution effect of the ions in the plant tissue (Table 5) . Thus, in saline conditions, there was a dilution effect in leaves of SAO/SO and VL/SAO/SO plants.
TREE PHYSIOLOGY ONLINE at http://heronpublishing.com GROWTH AND SALT RESISTANCE BY INTERSTOCKS 883 Table 3 . Mean values of growth parameters for sour orange and its combinations at 5 mM (C) and 50 mM (S) NaCl. Values of GRC are growth response coefficients calculated between relative growth rate (RGR) and its components for salinity (GRC S ) and interstock (GRC I ). Abbreviations: SO = sour orange; SAO = 'Salustiano' orange; VL = 'Verna' lemon; LAR = leaf area ratio; LMF = leaf mass ratio; NAR a = net assimilation rate on a leaf area basis; NAR w = net assimilation rate on a leaf mass basis; and SLA = specific leaf area. Table 4 . Biomass, Cl -and Na + distribution among plant parts, root/shoot dry mass ratio and root-shoot allometric coefficient (K) for 5 mM (C) and 50 mM (S) NaCl (n = 24). Abbreviations: SO = sour orange; SAO = 'Salustiano' orange; VL = 'Verna' lemon; and ns = not significant at P = 0.05. Significant effects are indicated by asterisks: *, P = 0.01; **, P = 0.05; and ***, P = 0.001. In both salinity treatments, the VL/SAO/SO trees had significantly higher Na + :biomass ratios in roots, and significantly lower Na + :biomass ratios in leaves, than the other plant types. There was a dilution effect in leaves of VL/SAO/SO trees (Na + :biomass allocation ratio of 0.1 and 0.3 in control and saline conditions, respectively).
At high salinity, the two citrus trees with SAO had the lowest leaf Cl -transport rates (23 and 33 mg kg -1 day -1 in SAO/SO and VL/SAO/SO, respectively) and VL/SAO/SO trees had the lowest leaf Na + transport rate (13 mg kg -1 day -1 ) ( Table 5) .
In saline conditions, rates of Cl -and Na + accumulation in leaves of lemon trees reached a plateau after 45 or 60 days of treatment (Figures 2a and 2b) . Leaf Cl -accumulation was sig- Table 5 . Allocation of Cl -and Na + relative to biomass allocation in leaf and root of sour orange and its combinations grown at 5 mM (C) and 50 mM (S) NaCl (n = 24). Treatment means for each column were separated by Tukey's multiple range test (5% level). Mean leaf Cl -and Na + transport rates (mg kg -1 day -1 ) are also shown. Abbreviations: SO = sour orange; SAO = 'Salustiano' orange; and VL = 'Verna' lemon. Within a column, values followed by the same letter are not significantly different (Tukey test, P < 0.05).
Plant type
Ion:biomass allocation ratio Leaf ion transport rate nificantly reduced by the interstock. In saline conditions, at the end of the experiment, leaf Cl -accumulation was reduced by 179.3 (VL/SAO/SO) to 303.3 mmol Cl -kg -1 (VL/SO) (Figure 2a) .
Interstock effects on leaf Na + accumulation were similar to those for Cl -. Thus, in saline conditions, at the end of experiment, the reduction in leaf Na + accumulation ranged from 196.8 (VL/SO) to 98.9 mmol Na + kg -1 (VL/SAO/SO) (Figure 2b) .
Discussion
Growth analysis
Time trends in RGR and its components highlighted the changes in development as growth stopped during the second half of the experiments, coinciding with the onset of fall, and indicated that RGR components were not entirely independent parameters.
Mean RGRs were small, the highest value being 7 mg g -1 day -1 in SO. Four-month-old SO seedlings, grown in a controlled environment chamber, have an RGR of about 30 mg g -1 day -1 (Ruiz et al. 1997 ). Before our experiment, the SO plants were grown in a nursery for one year and this aging would result in reduction in RGR because of the lower LMF (0.54 versus 0.14). Poorter (1989) reported that LAR is a more important factor than NAR a in the interspecific variation of RGR. However, in NaCl-stressed plants, NAR a is the most important factor determining RGR variation in both citrus rootstock (Ruiz et al. 1997 ) and herbaceous plants (Romero and Marañón 1994) .
Mean RGR of our trees was increased from 2.3 to 3.9 mg g -1 day -1 by the interstock and reduced from 3.9 to 2.7 mg g -1 day -1 by salinity. Mean RGR of VL/SAO/SO trees in saline conditions was higher than the mean RGR of VL/SO trees in control conditions (2.7 versus 2.3 mg g -1 day -1 ) (Table 3) . Thus, the enhancement of growth by the interstock was greater than the reduction in growth caused by salinity.
When RGR of SO, SAO/SO and VL/SO plants was reduced by NaCl treatment, the GRC values of NAR w were near 1.0, indicating that the NAR w reductions were uniquely responsible for the reduction in RGR. The GRC values of LMF reflect the ratio between photosynthetic tissue and biomass participating in respiration. A GRC LMF value near zero indicated that this ratio did not contribute to RGR reduction, and consequently growth was reduced by a decline in net assimilation rate (NAR w ), which could have occurred as a result of either a decrease in photosynthetic rate or an increase in respiration rate, or both (Table 3) . These results indicate that the physiological processes, but not biomass allocation, limited RGR in saline conditions. The saline-induced reduction in RGR was less closely related to the reduction in NAR w in VL/SAO/SO trees than in VL/SO trees (GRC NAR w = 0.85 versus 1.01, respectively). Thus, in saline conditions, photosynthetic capacity was less limiting in VL/SAO/SO trees than in VL/SO trees. The VL/SO trees had leaf concentrations of Cl -and Na + that were nearly twice those of VL/SAO/SO trees, and these differences contributed to the greater saline-induced reductions in NAR w and RGR in the VL/SO trees. These large reductions may be associated with a decrease in photosynthetic rate, because in lemon trees, both stomatal conductance and chlorophyll contents are markedly reduced by salt treatment, the latter being highly correlated with foliar Cl -and Na + concentrations (Nieves et al. 1991) . García-Legaz (1992) observed salt-induced decreases in chlorophyll contents of up to 50% in VL/SO trees compared with control values, whereas we found a 28% reduction in chlorophyll content in VL/SAO/SO trees for the same salt treatment (data not shown). In addition, leaf Cl -concentration is associated with increased nutritional imbalance , Cerdá et al. 1995 . The CO 2 assimilation rate decreases during salinization of the root zone (García-Legaz et al. 1993) , although osmotic stress in the root medium may be a factor in this response (Storey and Walker 1999) . Salinity may increase whole-plant respiration rate (Richardson and McCree 1985) . Mean LMF for SO plants and its combinations was not significantly affected by NaCl treatment. Ruiz et al. (1997) reported that LMF values in citrus seedlings are maintained or increased under saline conditions. In our experiments, the GRC LMF values were near zero, and In control conditions, mean RGR of VL/SO trees was 59% of that of VL/SAO/SO trees, and this difference was mainly a result of a change in leaf extension growth (GRC LMF = 0.80 versus GRC NAR w = 0.20 for interstock). This shows the influence of higher relative biomass allocation to assimilation organs (roots and leaves) in VL/SAO/SO trees than in VL/SO trees. The construction of stems may reduce RGR because stems do not contribute to carbon assimilation and because the energy requirement for the formation of lignified structures is high (Penning de Vries et al. 1974) . The higher values of LMF in VL/SAO/SO trees than in VL/SO trees (0.23 versus 0.15) indicate a higher net photosynthetic rate because of a decrease in the relative amount of non-photosynthetic tissue participating in respiration. About 30 to 50% of the carbon fixed daily in photosynthesis is respired in the same period (Lambers 1985) . On the other hand, in saline conditions there was a larger difference in growth between VL/SO and VL/SAO/SO trees, compared with nonsaline conditions. Mean RGR of VL/SO trees was 48.6% of that of VL/SAO/SO trees. The higher salt resistance of VL/SAO/SO trees compared with VL/SO trees was equally attributable to NAR w and LMF. The increase in GRC NAR w , from 0.20 under control conditions to 0.53 under saline conditions, indicated a larger effect of photosynthetic capacity on RGR, because both VL/SO and VL/SAO/SO trees showed greater differences in leaf ion accumulations in saline conditions than in control conditions.
Allocation analysis
Mass allocation can be considered in terms of the ongoing partitioning of new biomass to root or shoot (allometric approach) or by comparing the result of this partitioning over time as expressed by the ratio of shoot to root mass (static approach). Mean percentages of root biomass were reduced by the salinity treatment, decreasing similarly in SO and its combinations (Table 4) . This indicates that a saline-induced reduction in root growth is a characteristic of the rootstock. This finding and the observation that salinity decreased the root/shoot allometric coefficient (K) support the conclusion that salinity reduced root growth rate more than shoot growth rate.
Salinity has been reported both to increase (Zekri 1991) and to decrease (Combrink et al. 1995 ) the root/shoot ratio of citrus rootstock seedlings. A high Na + /Ca 2+ ratio in the root may restrict its growth in saline conditions (Kent and Laüchli 1985, Hansen and Munns 1988) . Unless a plant can grow a more efficient root system, i.e., roots with a higher activity per unit mass, a small root system will have a reduced ability to absorb toxic ions. Moya et al. (1999) , in a study of two citrus seedlings, concluded that Cl -uptake under salinization was driven by a passive force. Root pruning and defoliation showed that the amount of Cl -taken up by the plants was a function of the size of the root system. Thus, the root/shoot ratio reduction in SO and its combinations by salinity is a root response that reduces Cl -absorption.
Because both root and shoot cannot be of the same age for seedlings and budded trees, we made comparisons between 1-year-old shoots of the four plant types. We found no relationship between percent biomass allocated to roots and root age: 2-year-old roots (SAO/SO and VL/SO) had the lowest biomass. Furthermore, in the budded and re-budded trees, root growth was slower than shoot growth (K < 1), whereas the opposite pattern was observed in SO seedlings (Table 4) . There was a trend toward restoration of the pre-pruning shoot size similar to that observed in Citrus sinensis seedlings (Alexander and Magg 1971).
Leaf and root biomass proportions in VL/SAO/SO trees increased, and the root/shoot ratio increased significantly (from 0.44 to 0.57). Following the model of a functional equilibrium, the increase in the root/shoot ratio suggests that the plant was responding to a decrease in water or nutrient supply, or both, to the roots.
Salinity decreased root biomass and increased stem biomass (Figures 1a-d) , whereas the interstock decreased stem biomass and increased both leaf and root biomass (Figures 1e and  1f) . Compared with VL/SO trees in control conditions, the VL/SAO/SO trees in saline conditions had a higher proportion of root biomass (32.9 versus 29.9%) and a lower proportion of stem biomass (44.5 versus 54.1%) (Table 4) . Thus, the effect of interstock was greater than the effect of salinity.
Increased root growth of the interstock was a result of both the higher ion:biomass allocation ratio in root and the lower ratio in leaves (Table 5) . It was an effect of the SAO scion, because the ion:biomass allocation ratios in both SAO/SO and VL/SAO/SO plants were significantly different from those in SO and VL/SO plants, and in saline conditions their leaf Cl -transport rates were the lowest. In saline conditions, the VL/SAO/SO trees avoided a high concentration of toxic ions in leaves, partly as a result of a high capacity for accumulation in the root and a dilution effect in the leaf. This may be related to water use. The transpiration rate of VL/SAO/SO trees was reduced by salinity to 30% of the control after 3 months of salt treatment (data not shown), whereas transpiration of VL/SO trees was reduced to 54% of the control after 6 months in the same salt treatment (Garcia-Legaz 1992). However, this reduction cannot be attributed to modification of plant morphology, because salinity caused only slight changes in LMF and LAR.
Biomass percentages and the ion:biomass ratios of roots decreased with increasing salinity. In lemon trees in saline conditions, the rate of ion accumulation in roots may be insufficient to achieve an ion distribution similar to that under control conditions (Table 5) . At high salinities, Cl -influx into SO plants may be largely passive (Altman and Mendel 1972) . At high Cl -concentrations in the external medium, it is possible for the membrane potential to be less negative than the Cl -equilibrium potential, allowing passive transport (Skerrett and Tyerman 1994) . Moya et al. (1999) obtained measurements of water transpiration that indicated that root uptake and leaf accumulation of Cl -are linked to water absorption and transpiration rate, respectively. On the other hand, in citrus species, the dilution effect of growth is small and thus will not greatly affect the rate of accumulation of injurious amounts of Cl -in leaves of sensitive genotypes when the rates of Cl -transport are relatively high. At low transport rates, the dilution of imported Cl -by growth will assist in maintaining pseudo steadystate conditions in leaf tissue (Storey 1995) .
The SO rootstock is among the best citrus Na + excluders (Maas 1993) . However, 'Verna' lemon experienced an important reduction in leaf Na + accumulation with respect to 'Fino' lemon when both scions were budded on SO rootstock (Nieves et al. 1991) . In adult 'Verna' lemon trees, leaf Na + accumulations were never higher than 9 mmol kg -1 irrespective of the rootstock, interstock or salinity treatment ). The interstock significantly increased Na + exclusion in 'Verna' lemon; however, the mechanisms are unclear (Table 5 ) because VL/SAO/SO trees had the lowest foliar Na + :biomass allocation ratios and, in saline conditions, the lowest leaf Na + transport rate.
Associated with the interstock effect, there was a reduction of about 50% in leaf accumulations of potentially toxic Cl -and Na + (Figure 2) , suggesting that the interstock may offer powerful resistance to ion transport between root and leaf, which is strengthened by increases in leaf and root biomass proportions. A similar mechanism may occur in mature lemon trees with 'Sanguino' orange interstock, because leaf Cl -accumulations were similar in trees irrigated with 4 or 42.5 mM NaCl .
We conclude that the results of the growth and allocation analyses are in agreement and can serve as complementary methods. Interstock trees had the highest root relative biomass allocation and proportionally higher Cl -and Na + accumulations in roots than the VL/SO trees. Therefore, the reductions in leaf ion transport rate and the dilution of imported Cl -and Na + by greater foliar growth on the interstock contributed to a reduction in leaf ion accumulations by nearly one half. This means that more efficient photosynthetic assimilatory machinery and higher mean values of NAR w and LMF produced values of RGR nearly twofold higher when the interstock was present. Structural modifications such as changes in biomass allocation (LMF), leaf morphology (SLA) and plant morphology (LAR) had a slight influence on changes in RGR under saline conditions; however, physiological processes (NAR w and NAR a ) had a much greater effect on saline-induced changes in RGR.
